


From: John.Gilmartin@Fluor.com
To: Wilson, Aimee
Cc: Satish.Reddy@Fluor.com
Subject: Econamine FG Plus Technology Information
Date: Monday, August 05, 2013 11:31:01 AM
Attachments: Plant Experience Table 2012 Non-Confidential.pdf

Gastech Presentation - EFG+ Technology.pdf

Aimee,
Following up on our discussion this morning, below are some addition/confirmation points from the
Bellingham plant. Note that the Bellingham plant was considered part of the older EFG technology. We
now offer significant technology enhancements and refer to it as EFG+ technology.

Econamine FG (EFG) plant recovered CO2 from a partial slip stream of flue gas generated by the
300 MW gas turbine power plant.
The partial slip stream of flue gas consisted of 13% of the total available flue gas generated by the
power plant.
EFG plant recovered 85% of the total available CO2 from the flue gas fed to the plant for a total
CO2 capture capacity of 360 ton/day.
Flue gas consisted of a very dilute CO2 concentration (3.1 vol% wet) and very high oxygen
concentration (13.2 vol% wet)
Plant included a liquefaction and purification unit to generate food-grade CO2.
Achieved 98.5% on-stream factor during last 3 years of operation.
Plant was 100% air cooled
Zero-liquid discharge facility (i.e. any effluents generated had to be re-used in the system with
exception to reclaimer waste)
I was thinking of providing you with information on the Bellingham costs, but the problem with that
is:
1. The Bellingham plant was not designed to be as efficient as possible as it was required to

consume a minimum quantity of steam
2. Any such values are based on older outdated technology and the numbers are no longer

meaningful. Advancements made in the last 10 years on the technology have significantly
reduced operating costs.

Rather, I looked up some operating costs that we figured for a more recent FEED study on a much
larger CO2 capture plant which also captured CO2 from a gas turbine power plant exhaust.
Unfortunately, I cannot give details of those costs but I can say overall that the Utility and Chemical
costs worked out to approximately $31.50 / ton CO2 captured. 

I've attached the latest experience list as I'm not sure this is what you've seen. Also, I'm attaching a
presentation I gave at the Gastech conference end of last year in London to provide additional
information on the technology.

Regards,

John Gilmartin | FLUOR | Principal Process Engineer | john.gilmartin@fluor.com | O +1.949.349.3331 l IODC
30.3331

(See attached file: Plant Experience Table 2012 Non-Confidential.pdf)(See attached
file: Gastech Presentation - EFG+ Technology.pdf)
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Table 1 
Fluor Econamine FGSM Plant Experience 


Owner Location 
Product CO2 


Use 
Flue Gas 
Source 


Fluor, E.ON 
Wilhelmshaven, 


Germany 
Demonstration 


Plant 
Coal 


Knockmore Hill, 
N. Ireland 


Food Industry 
Gas Engine 


Exhaust 


Ploiesti, 
Romania 


Food Industry 
Gas Engine 


Exhaust 
Contour Global 


Verona, Italy Food Industry 
Gas Engine 


Exhaust 


Confidential Client Israel Food Industry 
Heavy Fuel Oil 


Fired Boiler 


Profertil Argentina Urea Plant Steam Reformer


Aliaga, Spain Food Industry 
Gas Engine 


Exhaust 


Les, Spain Food Industry 
Gas Engine 


Exhaust 
Courant Energies 


El Grado, Spain Food Industry 
Gas Engine 


Exhaust 


Air Products Singapore Singapore Food Industry Steam Reformer


Messer Greisheim do 
Brazil/SPAL 


Sao Paulo, 
Brazil 


Food Industry 
Gas Engine 


Exhaust 


European Drinks 
Sudrigiu, Bihor 


County, 
Romania 


Food Industry Heavy Fuel Oil 


Messer Griesheim Brazil Food Industry 
Nat. Gas/Heavy 


Fuel Oil 


Azucar Liquida SA 
Santo 


Domingo, Dom. 
Rep. 


Food Industry Light Fuel Oil 


Prosint 
(2 Plants) 


Rio de Janeiro, 
Brazil 


Methanol 
Production 


Steam Reformer


Coca Cola Cairo, Egypt Food Industry Light Fuel Oil 


Cervezaria Bavaria 
Barranquilla, 


Colombia 
Food Industry Natural Gas 
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Sumitomo Chem/Nippon 
Oxygen 


Chiba, Japan Food Industry 
Heavy Fuel 


Oil/Refinery Gas 
Mixture 


Tokyo Electric Power 
Co. 


Yokosuka, 
Japan 


Demo Plant 
Heavy Fuel 


Oil/Coal Mixture 
Kansei Electric Power 


Co. 
Osaka, Japan Demo Plant LPG 


Northeast Energy 
Associates 


Bellingham, 
Mass. 


Food Industry 
Gas Turbine 


Exhaust 


Indo Gulf Fertilizer Co. (1) 
Uttar Pradesh, 


India 
Urea Plant 


Feed 


Gas-Fired 
Reformer 
Furnace 


Luzhou Natural Gas(1) 
Sichuan 


Province, PRC 
Urea Plant 


Feed 


Gas-Fired 
Reformer 
Furnace 


Cosmos Bottling Co.(1) 
San Fernando, 


Philippines 
Food Industry Light Fuel Oil 


Liquid Air Australia 
Botany, 
Australia 


Food Industry Natural Gas 


Liquid Air Australia 
Altona, 


Australia 
Food Industry Natural Gas 


Industrial de Gaseoses 
Cia. Ltda.(1) 


Quito, Ecuador Food Industry Light Fuel Oil 


Pepsi Cola(1) 
Manila, 


Philippines 
Food Industry Light Fuel Oil 


Carbon Dioxide Tech. 
Corp. (1) 


Lubbock, Texas
Enhanced Oil 


Recovery 
Natural Gas 


N-Ren Southwest(1) 
Carlsbad, New 


Mexico 
Enhanced Oil 


Recovery 
Natural Gas 


Notes: 
1. These plants were licensed by Dow Chemical. Fluor purchased EFG technology 


from Dow in 1989. These plants were built before that date and don’t represent 
Fluor’s technology.  
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Fluor Corporation


 Fluor delivers EPCM services world-wide
43 000 E l 43,000 Employees


 Offices in 30 countries
2011 T t l R f $23 4 Billi 2011 Total Revenue of $23.4 Billion


 Outstanding Safety Performance
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Introduction


 Fluor’s Econamine FG+SM (EFG+) technology enables 
l l t b ti CO t f llarge-scale, post-combustion CO2 capture from coal, 
oil, and gas fired power plants
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Fluor’s Econamine FG+SM ExperienceFluor s Econamine FG Experience







Carbon Capture Experience


 Fluor has several decades of experience in CO2


j t d f iliti i l diprojects and facilities, including: 
– Capture 
 Pre- and post-combustion including Fluor's Econamine FG+ p g


technology 
Gas processing: Removal of CO2 from synthesis gas & 


natural gas; over 400 units 
– Transport 
 Pipelines, piping systems, compression and pumping 
Drying 
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Fluor’s Econamine FG+SM Experience


 One of the most economical post-combustion CO2


t il blcapture process available:
– Vast body of commercial experience
– Licensed 27 plants to date, 7 currently being builtLicensed 27 plants to date, 7 currently being built
– Fluor has been active in post-combustion capture since 


the late 1980s
S it bl f f O d CO t i i Suitable for a range of O2 and CO2 containing gas 
streams


CO : 3% to 20% by volume– CO2 : 3% to 20% by volume
– O2 : 1 to 15% by volume
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Fluor’s Econamine FG+SM Experience


 Commercially proven on low-grade fuel oil
Extremely corrosive flue gas– Extremely corrosive flue gas


– Gas contains particulates and vanadium 
– Successful operation for three years


 Commercially proven on gas
– Bellingham NGCC Power Plant


 Demonstrated on coal
– Wilhelmshaven Econamine FG+ Demonstration Plant
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Fluor’s Econamine FG+SM Experience


 Fluor continues to enhance the technology
O l t 7 i ifi t i t i l d Over last 7 years, significant improvements include:
– Several patents 
– Developed and validated new reclaimer technologyDeveloped and validated new reclaimer technology
– Reduced steam consumption by 20%
– Reduced electricity consumption by 25%


Si ifi ll i l d i d i– Significant overall capital and operating cost reductions 
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Demonstration on Gas Turbine ExhaustDemonstration on Gas Turbine Exhaust







Project Profile: Bellingham, MA


 Capacity 330 t/d
 40 MW flue gas flow from NGCC power plant 40 MW flue gas flow from NGCC power plant
 CO2 Concentration: 3.5% v/v
 O2 Concentration: 13 to 14% v/v O2 Concentration: 13 to 14% v/v
 100% air cooled
 Product Usage: Food-grade CO2g g 2


 Status: Continuous commercial operation from 1991 to 
2005


 98.5% on-stream factor in 2004
 Shutdown due to high natural gas price
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History of EFG+ - Bellingham Plant


Aerial View Ground ViewAerial View Ground View
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Demonstration on Coal Flue GasDemonstration on Coal Flue Gas







Coal-Based Flue Gas EFG+ Demonstration


 July 2008, E.ON Energie and Fluor formed a 
t hi t j i tl b ild CO t j t tpartnership to jointly build a CO2 capture project to 


demonstrate the performance of the EFG+ technology 
Th l t i it d t E ON’ l fi d t ti t The plant is sited at E.ON’s coal-fired power station at 
Wilhelmshaven near Bremen, Germany 
Th Wilh l h l t b h d l d The Wilhelmshaven power plant burns hard coal and 
has a net output of 757 MW
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E.ON Kraftwerke Site, Wilhelmshaven
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Demonstration Plant


 Construction in 2011, commissioned in May, 2012
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Demonstration Plant


 Latest  technological improvements
Advanced Two stage DCC– Advanced Two-stage DCC


– Absorber Intercooling
– Lean Vapor Compression
– Emissions Reduction
– Low pressure drop packing


Continuous reclaiming– Continuous reclaiming
– Advanced Gas Analyzers


 Coal flue gas
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Recent Large Scale Projects


Project Year / Type


NRG 60MW 2010 / FEED


Tenaska 2011 / FEED


Enel 2011 / FEED


NRG 240MW 2011 / FEED(1)


ROAD 2012 / E(2)


Note 1: NRG 240MW currently held for permitting
Note 2: Detailed engineering







Column Scale-up
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Large Column Design


 Fluor’s DGA Plant in Ulthamaniyah, Saudi Arabia 
Ab b ith l di t
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Absorber with large diameter







Large Column Design


 Large diameter vacuum column being delivered to a 
Fl j t t M th USA
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Fluor project at Marathon, USA.







Continuous Performance Improvement


Aerospace Engineers strive to reduce weight, improve 
d i  I f l Eaerodynamics  Improve fuel Economy


Fluor Engineers strive to reduce gas pressure drop, while 
k i l t t  E S i
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keeping large contact area  Energy Savings







Continuous Performance Improvement


Ai li t t f th Airlines try to go further per 
gallon of fuel


 EFG+ aims to capture more 
CO it f t i tCO2 per unit of steam input
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Continuous Performance Improvement


Proven EFG+ Process Improvements
Fl h t / l t th l Flue gas heat recovery / power plant thermal 
integration
Ab b i t li Absorber intercooling


 Low-∆P packing
E i i d ti h Emissions reduction schemes


 Non-conventional columns
N t d ti f i t (LVC) Net reduction of energy requirements (LVC)


 High solvent stability and no corrosion issues
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Fluor’s Econamine FG+SM Process Flow 
DiDiagram







Econamine FG+ Process Flow Diagram







Summary


 Econamine FG PlusSM technology is a proven, cost-
ff ti f t b ti CO teffective process for post-combustion CO2 capture 


 The EFG+ technology has a menu of advanced 
f t th t lt ifeatures that result in:
– Low energy consumption
– Low solvent and chemical costsLow solvent and chemical costs
– Friendly environmental signature
– Reduced footprint
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Questions
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or entity to which it is addressed and may contain 
proprietary, business-confidential and/or privileged material.  
If you are not the intended recipient of this message you are 
hereby notified that any use, review, retransmission, dissemination, 
distribution, reproduction or any action taken in reliance upon 
this message is prohibited. If you received this in error, please 
contact the sender and delete the material from any computer. 

Any views expressed in this message are those of the individual 
sender and may not necessarily reflect the views of the company.  
------------------------------------------------------------


